Abstract-At present, Light Emitting Diode (LED) has been widely used in many fields. As illumination requirements on certain occasions are strict, an optical structure must be designed to distribute light. In this study, we propose a freeform reflector design method for uniform illumination. According to the radiation characteristic of LED and the illumination requirements, a differential equation is established. The numerical solution of the equation can determine the positions of the points on the reflector. The coordinates of these points are input into three-dimensional modeling software to fit the reflector. The optical system has been simulated with a ray tracing method. The simulation result shows good uniformity of illumination. If we apply this method to one computer program, and then the computer finishes the preliminary design, it will significantly reduce the design time. It can also be used in reflector design for non-uniform illuminance.
INTRODUCTION
As the fourth generation light source, LED has incomparable advantages of long life, energy saving, and environmental protection etc [1, 2] . With the rapid development of high power LED, LEDs are more and more widely applied in many fields [3, 4] . As illumination requirements on certain occasions are strict, and the light distribution of LED is uneven, a method for LED secondary optic design should be found [5, 6, 7] .
Generally, there are two main ways, one is by using reflector [8, 9, 10, 11] , and the other is by using lens [12, 13] . At present, the lens is used mostly to change the distribution of intensity. A lens has two transparent surfaces and certain thickness. If there is a slight deviation of any curved surface in design or production, or a little impurity in lens, the light refraction and energy distribution will be influenced greatly.
The lens absorbs light and it will cause energy loss. However if we only use one reflector, comparing with the lens, perhaps the reflector is easier to manufacture and capable of reducing energy loss, and it can also help reduce costs. This paper aims to design a reflector to distribute the light of LED. A partial differential equation is established according to light source characteristics and expected light intensity distribution. The equation is solved by using numerical method. The reflecting surface can be fit based on the solutions, and then can be simulated in optical software.
II. DESIGN OF REFLECTOR
In this study, parts of the rays of LED irradiate the illuminated area directly; the other parts of the rays are reflected to the illuminated plane by the reflector. The illuminated area is rectangular; the illumination on it is even. U.S. Government work not protected by U.S. copyright 
And the incident rays and the reflected rays satisfy the partial differential equation: 
Where,
We can get J αβ by Mathematica software. Substituting these coefficients into （6）and（7）, then we can get the concrete form of the partial differential equations.
B. Conditions
The (6) and (7), the equation will be solved. 
III. MODELING AND SIMULATION
The coordinates of all points on the reflector are input into modeling software ProE to fit a reflective surface. Then the three-dimensional model is imported into optical simulation software TracePro to simulate the final effect, and the illuminance map can be got, as shown in Fig.4 . On the illuminated area, the maximum value of illumination is only 6 percent larger than the average value; it achieved a good uniform illumination. In the surface fitting process, the smoothing algorithm is adopted, so some fitting errors are brought. But the degree of distortion is slight, and the uniformity is very good.
IV. CONCLUSION
In the study, a freeform reflector is designed. The equation
and the boundary condition can be determined by the characteristics of light source and the requirements of illuminated effect. The reflector can avoid shortcomings of lens, such as high cost, energy absorptivity, and so on.
Although there are some difficulties in working out the reflector, but the uniformity is satisfactory. If the light source characteristics have been changed, the method may be used in non-uniform illuminance.
However, there are some important problems existed in the optical design of high power LEDs, such as installation errors and manufacturing defects. The further work is required to avoid the problems; and an optimization process is needed.
